Abstract. The applicability of slit metal vessels for fast magnetic plasma compression was experimentally investigated. The results were encouraging for small diameter vessels when the time needed for plasma compression was not significantly longer than the time for the development of the limiting shortcircuiting arcs across the slit gaps. Applicability of large diameter slit metal vessels was only achieved after superposition o f magnetic bias fields. The limiting effects were identified and the condition for the necessary bias field is presented. It is shown further that satisfactory efficiencies of shockwave heating in slit metal vessels can be achieved only if apart from superposition of bias fields the width of the metal strips is reduced to the order of centimeter.
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With the increase in size and energy of fast magnetic compression experiments an urgent need rises for suitable discharge vessels for plasma confinement. Such vessels have to fulfill, among others, the following requirements :
i) Their fabrication must be technically simple, robust and acceptably cheap even for complicated forms with narrow tolerances ii) They must be sufficiently resistant against the particle influx and the thermal and radiation load from the plasma iii) They must permit sufficiently short risetimes (<0.1 gs) of the electromagnetic fields produced inside for an effective compressional plasma heating. For small and moderate size experiments these requirements can be satisfactorily met by quartz and ceramic vessels commonly used at present. In future larger experiments, however, severe difficulties are to be expected with these materials. Requirement i), e.g., becomes increasingly unrealistic and the expenditures for such vessels would be unreasonably high. In addition, the risk becomes intolerable that with such dielectric material vessels ruptures will cause unjustifiably long breaks in the experimental program.
The question, raised in requirement ii), for the maximum admissable thermal load capacity of various wall materials has already been extensively studied in 1958 at Aldermaston and Harwell [14] and in Los Alamos [5] . The results pointed quite generally at the superiority of metals over dielectrics. Apart from these more favourable properties, metals are also generally less affected by radiation damages than insulators and, furthermore, due to their better heat conductivity they permit higher wall loads of energy influx from the plasma because effective cooling is possible. It follows from these facts that metals must be considered the first choice as wall materials and the question arises as to the applicability of metal vessels in fast high-energy discharges. With respect to requirement iii), however, the apparent conflict to be resolved is between the desired good thermal conductivity o f the metals on the one hand and their unwanted high electric conductivity on the other which does not permit sufficiently short risetimes of the electromagnetic fields inside the vessels. Simple estimates show that this cannot be achieved with fully closed metal vessels, as impracticably thin walls would result. Apparently the simplest way to eliminate 0340-3793/78/0015/0271/$01.80 Fig. 1 . Schematic of the Slit Metal Vessels quoted before, which were thought to be impractical in all but the simplest configurations. The studies were performed in two different experimental regimes of fast compressional plasma heating: They were started with rather conventional data for vessel diameter (~= 8 . 5 c m ) and filling pressure (Po=5 50 mTorr), but they were also extended to more topical values (~ = 40 cm, P0 < 5 mTorr). We shall try to collect in this report all relevant results and experiences gained in the course of the investigations together with the associated discussions and considerations. Fig. 2 . Example of a test series for the determination of the critical field strength in slit metal vessels this difficulty is to interrupt the metal walls properly by insulated slits. This principle had already been applied to some extent in the Culham Zeta-experiment [1, 2] . It was specifically investigated in Los Alamos (1970) by Phillips et al. [-6 ] for a fast Z-pinch experiment and by Naraghi (1974) in Tehran I-7] for a theta pinch. Highly subdivided aluminium walls were used in both cases with slit distances of about a millimeter or less (Naraghi : 1.4 mm and Phillips : 0.25 ram). Insulation between the individual aluminium blades was achieved by anodizing their adjacent flat surfaces. The vessels withstood induced electric field strengths o f up to about 1 kV/cm (Z-pinch) and 150V/cm (theta-pinch), respectively, and the discharges produced inside developed essentially the same features as in all-dielectric tubes. It was the object of our investigations to establish the timits of the applicability of properly slit metal vessels in fast compression experiments. We intended to identify the limiting factors involved in order to arrive eventually at less highly subdivided metal walls than
Small Vessel Diameter (~5 =8.5 cm)
The investigations were begun on a small theta-pinch apparatus with the following characteristic data: 10.5 cm.
With this equipment plasma temperatures of 30-100 eV and densities in the 1016-10 iv cm -3 range were produced depending on the deuterium filling pressure which was varied between Po = 5-50 mTorr. The discharge vessel was constructed as indicated in Fig. 1 [8,93.
Bare metal strips were fixed to the inner surface of a quartz tube, which served as the vacuum chamber. They protruded 10-15cm out of the coil ends where they were kept in position by mounting them on insulating rings (~vessel = 8.5 cm). The strips were arranged parallel to the magnetic theta-pinch field. Their number (1-22), thickness (1.5 5.0 mm) and the gaps between them (s = 1.5-8.5 ram) were varied in the course of the experiments. The strips were degreased thoroughly with ether, but no further cleaning process, chemical or mechanical, was applied. The metals selected for the present studies were aluminium, brass and stainless steel. The operational procedure in the experiments was the following : The deuterium gas was preionized either by an rf-cable and a subsequent 0.4 kJ theta-discharge, or, at lower filling pressures, by a 1 kJ Z-pinch (120kV). Then the 15kJ main bank was fired. Its charging voltage, and the corresponding voltage difference induced across the strip gaps, was varied from shot to shot to find the limiting voltage at which arcing across the gaps was just avoided. This critical voltage could be identified rather clearly with help of the diagnostics which consisted of:
